Abstract: Colloidal crystals with a refractive index varying periodically on the scale of the light wavelengths have been prepared by various methods. These photonic crystals reflect light and exhibit, at sufficiently strong contrast, even a complete band-gap in which light cannot propagate in any direction. In this study we first synthesize the latex spheres with a hard, crosslinked core and a grafted-on elastomeric shell that flows at elevated temperatures under uniaxial compression much like other polymer melts. However, the spheres start crystallizing at the plates of the press, whereupon the crystalline order grows, layer by layer, into the flowing melt. The process is fast and yields large area films, thin or thick, in which the latex spheres are crystallized. The refractive index contrast of these purely polymeric films is too small for a complete band-gap photonic crystal, but the films are attractive color materials showing wavelength and angle dependent reflection colors.
Introduction
With the advances in science some new fields emerge. After developments in optics and laser some needs are to be answered by developing new materials and new structures. In many applications it is a real need to carry the light in a certain direction. The materials, structures and devices which are able to perform this duty are called fiber optics and wave-guides. It is not a simple task to elaborate these very precise and approximately molecular scale structures to achieve this goal. Very complex and sophisticated techniques are needed in constructing these structures step by step and layer by layer. Following these techniques a periodic two or three dimensional structure is resulted. These periodic structures are called photonic crystals which conduct flow of the light in the same way as semiconductor crystals affect the motion of electrons [1] . The reason for observation of this phenomenon is periodical repetition of dipoles in the space in an assembly of a given size. A huge wealth of knowledge already exists in this field and different materials and techniques are employed to access these structures [2] [3] [4] . These opals even were used in clear coats as pigment [5] .
Polymerization is a versatile technique in preparation of photonic crystals. Amongst different polymerization techniques the mini-emulsion technique is the most useful one in construction of these structures. In this paper we report the preparation of polymeric beads which are able to be molded to opals using a hot-press.
Results and discussion
In the first step, after polymerization of core, the polymerization conversion was calculated to be 98 %. The particle size distribution of the resulting latex is of very narrow size, a maximum around 120 nanometer ( Figure 1 ). The SEM images of these particles are shown in Figure 3a . According to these SEM picture the particles seem to have a size around 110 nm. In the step 2 of the polymerization (shell layer), the conversion was determined to be 99 %. The particle size distribution of the resulting latex is very narrow size, a maximum around 160nanometer ( Figure 1) . A careful checking of the particle size distribution reveals that the particles are grown and are larger than those of the former step. This is a direct witness of the successfulness of the graft polymerization and formation of the interlayer. The overall conversion factor was calculated to be 32%. In Figure 2 the color of the cast thick layer of the final latex is shown. The blue-green color (opal) resulted from the size of the particles. Even after hot pressing a thin film of the final product the blue-green color persist. Any opal system of a particle size around 200nm will show a blue-green color [2] . Any increase in particle size will result in yellow and red, respectively. This needs 70nm increase in the particle size. The technique of emulsion polymerization is a versatile technique to produce approximately mono sizes polymer particles embedded in a rubber matrix. The fine particles of around 160nm produce a blue color. This latex can be molded into sheets and thin films using the hot-pressing technique. The latex films show strong angle dependent colors in reflection due to Bragg diffraction at the colloidal crystalline structure. Only the ominating scattering at the (111) plane will be considered in this report. The reflection wavelength λ111, depending on the angle of incidence θ, is given by Braggs law, modified by Snellius law of light refraction at the film surface:
where a 111 denotes the lattice spacing of the (111)-plane and n eff the average refractive index. a 111 can be derived from the next neighbor distance d in the unit cell by and the average refractive index n eff from the volume fractions ф of the film components by
The angle dependent peak positions of the reflection spectra in Figure 3 can be fitted quite well with Eq. (1), That the maximum reflection wavelength is observed at normal incidence of light (θ=90) proves that the (111) plane is indeed oriented parallel to the surface. Films derived from the particles behave like thermoplastic elastomers, since the matrix is elastomeric. They can be elongated reversibly. The deformation leads to a distortion of the crystalline lattice which causes a blue-shift of the Bragg's peak. These films may find use as smart coatings. If the shell polymer consists of a thermoplastic, the primary product of the polymerization is a powder. But since this powder forms at high temperatures a melt, too, crystalline films can still be prepared. These films, in fact, are of a superior optical quality. They can easily be broken to small pieces which can serve as color effect pigments in common coating formulations [7] [8] . Figure 4 is sample of artificial opal's film that was synthesized.
Experimental
All steps were run semi-continuously, on the basis of a PS seed. A 1 flask with a stirrer and a reflux condenser was filled at 75 °C under N 2 with a cold suspension of 247 g deionized water, 0.4 g butandiol diacrylate (BDDA), 3.6 g styrene, 75 mg sodium dodecylsulfate (SDS) and 50 mg sodium dithionite. The polymerization was started immediately by adding 250mg Potassium peroxodisulfate (KPS) and 50 mg sodium dithionite (PS seed). After 10 min, addition 0.5 g KPS followed by a suspension of 9.6 g BDDA, 86.4 g styrene, 0.45 g SDS, 0.1 g NaHCO 3 and 130 g water added continuously over 5 h (PS core). After 30 min addition again of 0.5 g KPS, a suspension of 64.4 g butyl acrylate, 64.4 g methyl methacrylate, 1.3 g acrylic acid, 0.33 g SDS and 120 g water was added continuously over 240 min (PMMAcoPBA shell). The copolymer PMMcoPBA produces remarkably few secondary nuclei. The acrylic acid helps to stabilize the latex spheres which are quite large. The latex, containing 32 wt. % polymer, was coagulated in methanol, filtered and dried to isolate the polymer. The final particle size was controlled by the concentration of initiator and the emulsifier in the initial batch-step. Both were kept low to prevent secondary nucleation.
